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Introduction
Many aspects of face processing appear to be innate, with newborn infants showing a preference for attractive faces (Slater et al., 1998) , faces with direct eye gaze (Farroni et al., 2002) , and faces with appropriate phase-contrast relations (Farroni et al., 2005) . Nevertheless, it remains unclear how and when the perceptual-cognitive processing of faces attains its adult capacities. Two opposing accounts differ crucially in how they view the maturation of face perception. The face-specific perceptual development theory (Carey and Diamond, 1977) proposes that face processing does not mature fully until late in development. This view emphasises the specificity in the development of perceptual processes of faces, and argues that perceptual development of nonface visual objects differs qualitatively from, and is not as efficient as, that of faces (Carey, 1992; Golarai et al., 2007; Mondloch et al., 2002; Scherf et al., 2011) . In contrast, the general cognitive development theory (Crookes and McKone, 2009) proposes that face processing matures early in development, and that performance improvements measured in the laboratory can be attributed largely to the ongoing development of other cognitive abilities such as concentration, memory, and sustained visual attention (Cassia et al., 2009; Bunge and Wright, 2007; de Heering et al., 2007; Ge et al., 2008; .
Studies that can provide objective neurophysiological data on the maturation of face processing mechanisms in the brain will be valuable for adjudicating between these two accounts. Electrophysiological measurements with electro-/magneto-encephalography (EEG/MEG) are particularly important in this regard because of their non-invasive natures and high temporal resolutions, allowing the differentiation of brain processes which occur in close temporal proximity to each other, including those associated with perceptual encoding, face-specific encoding, and response preparation (see review in Rossion, 2014) . In human adults, EEG/MEG responses with a latency of about 170 ms (N170/M170) show clear and consistent amplitude maxima to pictures of faces (Bentin et al., 1996; Bötzel et al., 1995; Liu et al., 2002) and are considered to be the earliest neural markers of face-specific processing (Rossion and Caharel, 2011; Rossion and Jacques, 2008) . Recent views on the neural representations of the face-sensitive N170/M170 consider the brain activity that underlies this scalp measurable component to be directly associated with our conscious interpretation of a picture as a face. This interpretation invokes perceptual knowledge derived from experience and thus seems to involve both bottom up and top down processes (Rossion, 2014) .
While the N170/M170 have been extensively characterised in adults, these responses have been much less studied in children and their NeuroImage 106 (2015) [317] [318] [319] [320] [321] [322] [323] [324] [325] [326] [327] when the same child was tested using a conventional MEG system. Moreover, despite having fewer sensors, the child system produced a source model with superior fit to the M170 response.
Here we extend our case report, using the customized child MEG system to characterise the M170 response in a group of pre-school aged children. Importantly, we used the same stimuli employed in Kuefner et al.'s (2010) large developmental ERP study. This allowed us to control for the overlap of the M100 and M170 response and make our MEG results directly comparable to their EEG results. A third improvement over previous child MEG studies was the use of an eye-tracker to ensure that our child participants were actually fixating on the visual stimuli presented on the display screen. With these methodological improvements, we were able to perform a rigorous test of the contention that the M170 matures relatively late in development (Kylliainen et al., 2006; Taylor et al., 2010) .
Material and methods

Participants
Data reported in this paper came from fifteen typically-developing children (eight boys, aged 4.47 ± 0.93 years, range, 3-6 years, all right handed) and 15 healthy adults (eight males, aged 27.6 ± 6.06 years, range, 22-41, 1 left handed). An additional seven children and three adults were tested in the same experiment (a total of 40 participants) but were excluded from the final analysis because of excessive noise or movement artefacts (three children and two adults) or technical issues such as problems with calibrating the eye-tracker (four children and one adult).
All had normal and corrected-to-normal visual acuity. Handedness was determined by self-report (adults) or parent-report (children). All procedures were approved by the Human Participants Ethics Committee at Macquarie University. Written informed consent was obtained from the adult participants and from the parents/guardians of the children prior to testing.
Visual stimuli
Four visual categories (two sets of 43 photographs for each category): (1) upright neutral faces, (2) frontally-viewed cars, (3) phasescrambled faces, and (4) phase-scrambled cars were used (Kuefner et al., 2010) . To ensure that participants maintained vigilance during the experiment, a set of 41 cartoon pictures was randomly embedded into the image stream and participants were required to perform a button press when these appeared ("catch trials"). Brain responses to the catch trials were not analysed further.
Procedure
Participants were tested in a supine position and images were projected onto a screen located about 1 m above participant's heads. For the adult MEG system the projector was an InFocus Model IN5108 (InFocus, Portland). For the child MEG system the projector was a Sharp Notevision Model PG10S (Sharp Electronics, Osaka, Japan). A fibre-optic photo-detector placed on the projection screen was used to measure the physical onsets of visual images and all MEG latencies were subsequently referenced to this event.
The experiment was programmed using Experiment Builder software (SR Research Ltd., Mississauga, Ontario, Canada). All pictures were presented within a light grey frame fitted into a rectangular area that subtended a visual angle of 3.10°× 4.58°in the adult system and 2.64°× 3.90°in the child system. The monocular gaze of participant's right eye was monitored by an SR Research Eyelink 1000 eye-tracking system with a sampling rate of 1000 Hz (http://www.sr-research.com/ EL_1000.html). Each trial began with a fixation cross that appeared at the centre of the screen for 200 ms. Each stimulus was presented for 500 ms only when eye fixations were in the proximity of the fixation point. The interstimulus interval was jittered around 200 ms (depending on the eye fixation on the fixation cross). Trials were displayed in a pseudo-randomized order, with experimental pictures being shown twice each, non-consecutively. Catch trials were presented at random intervals. The stimulus remained on screen until a response was made or a maximum duration of 2000 ms. In both groups, participants responded to catch trials with greater than 98% accuracy.
There were a total of 385 trials over the entire experiment divided into six blocks with 2 min each block. For children, child-friendly data acquisition techniques were employed to convey instructions, facilitate engagement in the experiment, and minimize movement artefacts during MEG recordings (Tesan et al., 2012) . The total recording time for this experiment ranged from 15 to 20 min depending on the understanding and compliance of the individual participants. All participants completed the experiment.
Data acquisition
MEG measurements were carried out with two whole head MEG systems at the KIT-Macquarie Brain Research Laboratory (http://www. maccs.mq.edu.au/facilities/meg/). The adult system (Model PQ1160R-N2, KIT, Kanazawa, Japan) consisted of 160 coaxial first-order gradiometers with a 50 mm baseline (Kado et al., 1999) . The child system (Model PQ1064R-N2m, KIT, Kanazawa, Japan) consisted of 64 firstorder axial gradiometers with a 50 mm baseline (Johnson et al., 2010) . Both systems were housed in the same magnetically shielded room (MSR, Fujihara Co. Ltd., Tokyo, Japan). Detailed descriptions and specification of this device are available in Johnson et al. (2010) and He et al. (2014) .
Prior to MEG measurements, five head position indicators (HPI) were attached to a tightly fitting elastic cap (for children), or to the EEG electrode cap (for adults). The 3D locations of the HPIs, fiducial landmarks and the shape of each participant's head were measured with a pen digitizer (Polhemus Fastrack, Colchester, VT). In addition, EEG data were collected simultaneously in adults to facilitate comparison with the N170 literature (see Supplementary material S2 for details).
MEG and EEG data were acquired using a sampling rate of 1000 Hz and a filter bandpass of 0.03-200 Hz. A maximum of 5 mm of head movement was tolerated for any measurement session.
MEG data analysis
Pre-processing
Neurophysiological data were processed and analysed off-line using BESA research 5.3.7 (BESA GMbH, Grafelfing, Germany).
1 All data were segmented into a 500 ms epoch with 100 ms pre-stimulus interval. An artefact scan rejected trials with amplitudes N 4000 fT, gradients N 2500 fT or low signal (b64 fT). For each subject and condition, at least 85% of trials survived artefact rejection. Averaged evoked responses were digitally filtered with a bandpass of 1.6-30 Hz.
Sensor-space analysis
As an initial step in the analysis, the regional global field power (GFP) (Lehmann and Skrandies, 1980) was calculated to provide a qualitative but assumption-free index of the response to the four stimulus categories and the relevant difference waveforms for bilateral occipitotemporal channels (Fig. 1) . Peak latencies for M100 and M170 were determined from the GFP.
For each sensor, the mean absolute amplitude values were calculated over time windows centred on the peak latency of each component: M100, 63-101 ms (adults)/80-134 ms (children); M170, 117-181 ms (adults)/140-230 ms (children). The length of each time window was optimised to cover the variation in individual peak latencies. Mean amplitude values for each sensor were then averaged across the sensor regions of interest (ROIs).
Source modelling and analysis
MEG waveforms were also analysed separately in source space by projecting the data into the brain via dipole modelling. Single shellspheres with a mean outer radius of 88 mm (adults) and 81 mm (children) were used as head models, and regional dipoles were used to model brain sources. The MEG regional source is a set of two vectors with the same location but mutually perpendicular orientations representing neural activity in a small volume of cortex (Scherg and Von Cramon, 1986) .
All source analyses on M170 were performed on the individual difference waveforms derived from the sensor waveforms by subtracting the responses to phase scrambled faces and cars from responses to their unscrambled counterparts to remove low-level visual responses (Quraan et al., 2011; Taylor et al., 2011) . One potential concern here was that the MEG data for children were likely to be noisier than for adults, resulting in less accurate source models and, consequently, spurious group differences in source waveforms. Thus following previous studies of children and clinical populations (e.g., Johnson et al., 2013; Rivolta et al., 2012; Roberts et al., 2010) , we used a pre-specified source montage (see Supplementary material S1 for confirmatory source analysis on this source montage). Bilateral regional sources were positioned at fixed locations corresponding to three components of the core face network (Chen et al., 2008; Cohen Kadosh et al., 2011; Cohen Kadosh et al., 2013; Harris et al., 2012; Henson et al., 2003 Henson et al., , 2007 : inferior occipital cortex (i.e., Occipital Face Area, OFA, Halgren, Raij, Marinkovic, Jousmaki and Hari, 2000), middle fusiform gyrus (i.e., Fusiform Face Area, FFA, Deffke et al., 2007) , and posterior Superior Temporal Sulcus (STS, Itier et al., 2006) regions as shown in Fig. 2 . The orientation of each source was optimised at the peak latency of the GFP for that individual. The second tangential component of these regional sources did not produce any systematic activity and was not further analysed.
Statistical analysis
For the M100 at the sensor level, latencies were submitted to repeated measures-ANOVA with variables Category (face, car), Shape (nonscrambled, scrambled), and Hemisphere (right, left) as within-group factors and Group (child, adult) as a between-group factor. For the M170 at the sensor level, the statistical analysis was performed on the subtraction waveform with within-group factors of Category (face, car) and Hemisphere (right, left) and the between-group factor Group (child, adult). Sensor space amplitudes were analysed using only the withingroup factors.
Since the brain responses from adult and child participants were measured with two different MEG systems with a different number and density of sensors, a between-group comparison of amplitudes was not appropriate in sensor space. The between-group amplitude analysis was permissible in source space, because the process of source reconstruction generates a numerically stable and comparable spatial estimate of each data set. Therefore, for the source waveforms, the subtracted M170 was analysed with Category (face, car), Hemisphere (right, left), and Source (OFA, FFA, STS) as within-group factors and Group (adults, children) as a between group factor. The GreenhouseGeisser correction was used to adjust the degrees of freedom where the assumption of sphericity was violated. Post-hoc comparisons were corrected for multiple comparisons using the Bonferroni correction factor. All statistical analyses were performed using IBM SPSS Statistics (v19.0).
Results
Event-related magnetic fields: sensor space analyses
Figs. 3-5 show the single sensor and global field power (GFP) waveforms, and topographic maps (obtained at the peak of grand-averaged responses to subtraction conditions) in the two age groups. Additional topographic maps in two representative individuals and in grandaveraged responses across participant groups for all conditions can be found in the Supplementary material Figs. S3 & S4.
A prominent M100 was elicited in all participants with a mean latency of 110 ms in children and 87 ms in adults (Figs. 3-5) . The adult M170 was clearly separated from the M100 component (Figs. 3-4) , showing larger amplitude responses to faces (~76.30 fT) and cars (~53.51 fT) than their scrambled counterparts (faces: 50.99 fT; cars:~46.14 fT). In addition, the adult M170 response was also larger and earlier to faces/scrambled faces (~66.68 fT;~142.4 ms) compared to cars/scrambled cars (~54.80 fT;~146.92 ms) (Figs. 3 and 5) .
The child M170 component for the face response overlapped with the preceding M100 peak, which was larger in amplitude, later in latency and broader in duration in children. Since a comparable M100 response was elicited by faces and scrambled faces, the M170 could be identified by subtracting the two waveforms (Figs. 3-5) . The subtraction M170 response to faces had a mean latency of 180 ms in children and 148 ms in adults (Fig. 5) . In adults there was also a clear subtraction M170 to cars but there was no discernable subtraction response in children.
Statistical analyses of M100 component
The M100 latency showed a significant main effect of Group (M100, F(1, 28) = 249.25, p b .001) due to an earlier onset (~24.33 ms) of this component in adults than children. For the M100 latency, there was an additional main effect of Shape (F(1, 28) = 5.62, p b .03) together with significant two-way interaction effects between Shape and Group (F(1, 28) = 6.67, p b .02), and between Shape and Category (F(1, 28) = 20.93, p b .001). However, these withinsubject effects on the M100 latency were qualified by a significant three-way interaction effect among Group, Shape, and Category (F(1, 28) = 9.17, p b .006). This was due to a shorter latency (~6.49 ms) in response to faces than cars for non-scrambled stimuli in children. No other significant main or interaction effects were obtained (Category: p N .8; Hemisphere: p N .41; Group and Category: p N .18; Group and Hemisphere: p N .40; Shape and Hemisphere: p N .62; Category and Hemisphere: p N .98).
The M100 amplitude in adults had a significant main effect of Category (F(1, 14) = 6.52, p b .03), but there was a two-way interaction between Category and Hemisphere (F(1,14) = 6.48, p b .03), due to the right hemisphere showing a larger response difference (~6.36 fT) between faces/scrambled faces compared to cars/scrambled cars. No other main or interaction effects were obtained here (Shape: p N .62; Hemisphere: p N .059; Shape and Category: p N .89; Shape and Hemisphere: p N .37).
The M100 amplitude in children had a significant main effect of Shape (F(1, 14) = 10.50, p b .007), showing stronger (~10.57 fT) responses to scrambled than non-scrambled stimuli. No other significant main or interaction effects were obtained (Category: p N .87; Hemisphere: p N .40; Shape and Category: p N .67; Shape and Hemisphere: p N .07; Category and Hemisphere: p N .09).
Statistical analyses of subtraction M170 component
The M170 latency differed significantly between groups, as indicated by the main effect of Group (F(1, 28) = 141.97, p b .001) due to faster responses (~32.45 ms) in adults than children. Another significant main effect detected was Category (F(1, 28) Overall, the sensor analyses showed significantly longer latencies for event-related field components in children compared to adults, for all categories of stimuli (Fig. 6) . In children the M100 was earlier and larger for non-scrambled stimuli. In adults the M100 was significantly larger for faces than cars in the right-hemisphere.
For adults, the M170 was clearly separated in time from the M100 component. It was stronger to faces and cars than their scrambled counterparts and also larger and earlier to faces compared to cars. In contrast, the child M170 face response overlapped in time with the late, broad M100 peak. Controlling for this overlap by subtracting the phasescrambled response resulted in a M170 difference waveform that was quite similar in morphology in adults and children, but with a latency delay of around 30 ms in the children. In children there was no discernable M170 difference response to cars (Fig. 5) .
Event-related magnetic fields: source analyses
The residual variance (RV) of the master model in adults was 21.77% ± 4.41% (mean ± S.D.) for face condition and 25.73% ± 6.23% for cars; in children, the RV was 19.59% ± 5.93% for faces and 23.27% ± 5.86% for cars. There were no group and condition differences (χ 2 = 30, p N .5) in the goodness of fit of the master model. Source waveforms from the three bilateral sources resembled the surface M170 responses in both groups, with children showing later and broader components than adults (Fig. 7) .
Latency
The M170 latency showed main effects of Group (F(1, 28) = 67.01, p b .001) due to faster responses in adults than children (~30.72 ms), and of Category (F(1, 28) = 22.6, p b .001), due to a faster response to faces than cars (~15.55 ms) for all participants. No other significant main or interaction effects were found (Source: p N .17; Hemisphere: p N .74; Group and Category: p N .64; Group and Hemisphere: p N .61; In summary, the results of the source analyses are entirely consistent with results of the surface analyses, and also show that the largest response advantage of faces over cars occurred in bilateral FFA in the two groups (Fig. 8) .
Direct group comparison of the M170 source waveforms confirmed a significantly later M170 in children. In addition, the FFA showed significantly larger responses in adult. Children showed a larger left hemispheric response to all images for all three sources.
Discussion
This present results are the first large-scale study of face-sensitive brain responses in children using a custom-sized child MEG system, and with two additional methodological improvements over previous MEG studies of children: First, we employed eye-tracking to ensure that children were actually fixating on the visual stimuli when they were presented; and second, we controlled for the temporal overlap of the M100 and M170 components. Our data clearly demonstrate that a face-sensitive M170 brain response develops by the age of 36 years, with a similar morphology but longer latency than the adult M170. Source analyses indicated that, as in adults, the M170 response in children originates primarily in the FFA, with weaker contributions from the OFA and pSTS. In short, the complementary findings from both sensor and source space analysis are firmly in accordance with the view that face perception matures early, by five years of age (see review in McKone et al., 2012; Weigelt et al., 2014) .
Age-related changes in the M100 component
The clearest difference between the child and adult responses came within the M100 window. Consistent with previous ERP and MEG studies looking at developmental changes of this visual component, children showed a larger and later M100 response than adults across stimulus classes (Kimura et al., 2004; Kuefner et al., 2010; Taylor et al., 2004) . Specifically, the responses of children (110 ms) were on average 23 ms slower than those of adults (87 ms). This decrease of M100 latency with increasing age is most likely caused by neural developmental factors (see review in Klaver et al., 2011) , such as increasing synaptic density and myelination (Nelson, 1997) , and changes in the structure of white matter tracts and neural pathways (Basser et al., 2000; Mori and van Zijl, 2002; Van Essen, 1997) .
Beyond these broad developmental changes, our analyses also revealed a number of more subtle differences between the M100 responses of children and adults. Because they were not predicted, these differences should be treated with a degree of caution, particularly given the high probability of false positive results in exploratory analyses of EEG/MEG data (see Bishop, 2013) . First, whereas adults showed larger amplitude of the M100 for faces and scrambled faces than for cars and scrambled cars, children showed a larger response to scrambled versus non-scrambled stimuli. These results are broadly consistent with the view that the M100/P100 response reflects the processing of low-level visual cues (Rossion and Caharel, 2011) but suggest that children may be relatively more sensitive to the phase spectrum information that differs between scrambled stimuli and their nonscrambled counterparts. Second, unlike adults, children showed faster M100 responses to faces than cars, but no latency difference for responses to their phase-scrambled counterparts. Again, caution is warranted in interpreting this finding, particularly as Kuefner et al. (2010) failed to find a similar interaction in their analysis of the P100.
Age-related changes in the M170 component
The central finding of our study confirms that a robust face-sensitive M170 response can be elicited in young children aged three to six years. This finding accords well with ERP observations (Kuefner et al., 2010; Taylor et al., 1999 Taylor et al., , 2001 but contradicts previous MEG studies showing either no M170 (Taylor et al., 2010) or no face-sensitivity of the M170 in children at this age range (Kylliainen et al., 2006) . As noted earlier, the failure of previous studies to find a face-sensitive M170 in young children may reflect a number of methodological factors, alone or in combination. These include the poor fit of children's heads in the adult-size dewar, the temporal overlap of the M100 and M170 in children, and the fact that very young children cannot be expected to reliably and consistently follow instructions to fixate on and attend to experimental visual stimuli. All three of these methodological issues have been addressed in the present study.
The use of child-optimised MEG system also enabled analysis of the M170 in source space (He et al., 2014) . Importantly, the pre-defined source models exhibited similar goodness of fit to the adult and child data. Moreover, source-space analysis suggested a strong similarity in the underlying neural generators of the M170 component in children and adults. In the source models for both groups, the fusiform face area provided the largest face-sensitive response, with smaller contributions from the occipital face area and superior temporal sulcus. These results are consistent with the similar topologies of the child and adult M170 in sensor space. As a further check, we performed distributed source analysis and confirmed sources in the regional dipole source model present in our data (see Supplementary material S1 for details). Despite the overall similarity in the source models, there were a number of subtle differences between the children and adults. Again, these should be treated with a degree of caution given that they were not predicted. First, young children showed a stronger face-sensitive response from the left hemisphere, compared with a bilateral pattern in adults. These findings contradict the common view that processing of faces is dominated by the right hemisphere (Rossion, 2014) and are in contrast to the ERP results of Kuefner et al. (2010) , who found a right-lateralized N170 in adults and children. However, the hemispheric asymmetry of face processing is still debatable. Some studies reported a strongly right-biased N170 (Eimer and McCarthy, 1999; Goffaux et al., 2003; Sagiv and Bentin, 2001; Taylor et al., 2001 ) while others did not find this effect (Bötzel et al., 1995; Eimer, 2000; Rossion et al., 2000) . There is also evidence for substantial gender differences in the extent of N170/M170 lateralization (Proverbio et al., 2010; Tiedt et al., 2013) .
The left-hemispheric lateralization for faces in children could also be a developmental phenomenon (Brown and Jaffe, 1975; Hecaen, 1976) . In a recent fMRI study, Cantlon et al. (2011) found that in 4-year-old children the left hemisphere response to faces decreased with increasing knowledge of letter and number symbols. Li et al.'s (2013) EEG study showed again that pre-schoolers' word knowledge facilitated the development of left lateralization of visual word processing but delayed the right-lateralization of face processing. Such findings fit into the neuronal recycling model: cortices dedicated to evolutionarily older functions (e.g., left fusiform face area for face processing) are taken over by newly learned functions (e.g., visual word processing) even though the old function is still preserved partially in these territories (Ventura, 2014) . It would be interesting to test this prediction by comparing the hemispheric activations of visually-presented words and faces as children become literate.
Our data also confirm robust age differences in the latency of the M170. This finding closely replicate Kuefner et al.'s (2010) findings. These changes likely reflect general neurodevelopment changes of the visual system that are not specific to perceiving faces, such as the increasing fidelity of receptive or activity fields at cellular level (Wills et al., 2010) , or increased connections within the white matter architecture of the visual system (Lebel et al., 2008) . Our findings contradict previous ERP findings of larger N170 latency changes over development (Taylor et al., 2004) . The findings also contradict those of Kylliainen et al. (2006) who reported that despite having considerably longer latencies for the M100 component, children had a similar M170 latency to adults (about 135 ms). These authors interpreted their findings in terms of the different spatial resolution and sensitivities of EEG and MEG.
A striking effect of age was observed in the M170 response to cars. One prediction of the face-specific perceptual development theory is that the face-specificity of the M170 should increase with age. Our results imply the opposite trend: Children showed robust M170 responses for faces, but (unlike adults) showed no measurable M170 response to cars. This was apparent in the GFP sensor waveforms as well as the source waveforms, indicating that it could not be attributable merely to poor source model fit. One potential explanation is that the M170 response is at least partially dependent on active social interactions with faces (Peykarjou et al., 2013) . By the time they are preschool age, children have acquired extensive social experience of faces, resulting in a mature M170 response, but perhaps have much less experience with, and have little need to discriminate between cars.
Relation to previous ERP studies
In general, the results of the current MEG study contradict previous MEG studies of face recognition in children (Kylliainen et al., 2006; Taylor et al., 2010) but are in broad agreement with the ERP findings in Kuefner et al.'s (2010) study. However, as detailed above, there were a number of subtle differences between our results and those of Kuefner et al. (2010) for both the M100 and M170. These differences may reflect the fact that our children were slightly younger than those studied by Kuefner et al. (2000) and there may be developmental alterations in the underlying neural sources (e.g., changes in dipole orientation and strengths, Taylor et al., 2004) . Other factors may include the fact that MEG is blind to activity of opposing walls of the sulci and the top of gyri (radial) in MEG (Gross et al., 2013; Hämäläinen et al., 1993) . For instance, the FFA region was believed to respond preferentially to faces only but recently was found to have subregions that are responsive to different object categories as well (McGugin et al., 2012) . Thus, if the category non-specific activity in cortical regions happened to be less accessible to MEG due to the anatomical locus, MEG and EEG data would inevitably lead to different conclusions. To the extent that the two techniques are sensitive to overlapping but non-identical neural generators and provide complementary and not completely redundant information about these generators (Diekmann et al., 1995; Eulitz et al., 1997; Taylor et al., 2010) , it may be useful to carry out concurrent EEG and MEG recordings to obtain a more complete picture of the development of the neurophysiological mechanisms of face processing.
Limitations and future directions
The results of the present study clearly demonstrate that the M170 brain response can be reliably elicited in pre-school aged children. The M170 is a crucial neural marker of face processing in humans which indexes the earliest conscious awareness of face representations in the human brain (Rossion, 2014) and possibly face individualization (Jacques and Rossion, 2006) . One limitation of the present data is that the ages of the children encompass a range of nearly three years (3.25-6 years). It would be of considerable interest to characterise potential developmental changes within this age range with a larger sample of children. This analysis was precluded in the present study by a relatively high dropout rate of participants (about 30%). This is a problem intrinsic to studies of young children, largely due to excessive movement or inability to comply with instructions. Future studies may be able to counteract this at least to some extent with prior training sessions in a MEG simulator. These results also suggest the feasibility of investigating the development of later stages of face processing indexed by markers such as the M250 response, which is sensitive to facial identity (Schweinberger et al., 2004; Schweinberger et al., 2007) and which has not yet been characterised in young children.
